D iabetic retinopathy (DR), the most common visual complication of diabetes, 1 canbedelayedorpreventedby optimal control of glucose, blood pressure (BP), and lipid levels. [2] [3] [4] Optimal rates of diabetes control are, however, low in individuals with diabetes. For instance, in a populationbased study, only 17.4% of ethnic Malays with DR met the recommended glycemic control threshold, and 10.3% met the BP control threshold. 5 As shown previously, a large part of poor control of diabetes may be attributed to barriers to diabetes selfmanagement (DSM), 6 which is defined as a process in which the knowledge, skills, and abilities required for a patient to adequately manage his or her diabetes are facilitated. 7 Previous studies have characterized many perceived barriers to DSM via qualitative methods, such as focus groups and semistructured interviews. 6, 8, 9 However, it is difficult to quantify the independent effect of these perceived barriers on key clinical outcomes using qualitative data without accounting for confounding factors (eg, sex and duration of diabetes). To our knowledge, no study has evaluated the association between these perceived barriers and the severity of DR using a robust quantitative method. This information is particularly important for Asian populations, which have witnessed an exponential increase in the incidence rates of diabetes and DR as a result of rapid urbanization and an increasingly sedentary lifestyle combined with a Westernized type of diet. 10, 11 Data on the role of perceived barriers to DSM may potentially inform evidence-based interventions to prevent or delay the development and progression of DR.
In this study, we examined the association between perceived barriers to DSM (assessed using a questionnaire developed and validated in Asia) and the severity of DR in a multiethnic sample of Asian patients with type 2 diabetes.
Methods

Study Population
The Singapore Diabetes Management Project is a clinic-based cross-sectional study investigating the clinical, behavioral, and environmental barriers associated with optimal diabetes care in patients with diabetes with and without DR. 12 We recruited 498 individuals with type 1 and 2 diabetes, 21 years of age or older, from the Singapore National Eye Centre from December 28, 2010, to March 20, 2013. All individuals were free of cognitive impairment (assessed using the 6-item Cognitive Impairment Test 13 ), of sufficient hearing to be able to conduct normal conversations, and lived independently in the community (ie, not in assisted care facilities). Diabetes was defined as physiciandiagnosed diabetes, with the information retrieved from participants' case notes. For the current study, we included participants of Asian race/ethnicity (Chinese, Malay, and Indian) with diabetes who had available sociodemographic and clinical data (N = 361; comprising 261 Chinese, 31 Malay, and 69 Indian participants, with 127 excluded owing to missing data or diagnosis of type 1 diabetes). The study was approved by the Singapore Centralized Institutional Review Board (reference: 2010/ 470/A) and adhered to the tenets of the Declaration of Helsinki. 14 All participants provided written informed consent.
The Perceived Barriers to DSM Questionnaire
Even though a comprehensive search of the literature established the presence of a substantial amount of qualitative information on perceived barriers to DSM, it also revealed a lack of valid and reliable questionnaires to assess these perceived barriers. 6, 8, 9 Consequently, based on these qualitative studies, we developed a 36-item questionnaire across 4 specific types of barriers (eTable 1 in the Supplement), namely, knowledge of diabetes and its effect (items 1-8), external systems (items 9-17), psychosocial (items 18-26), and psychological (items 27-36). Items were rated on one of six 4-or 5-point rating scales (eTable 1 in the Supplement). We conducted cognitive interviews with 10 participants with diabetes (5 with DR and 5 without) to ensure that the questionnaire was comprehensible and culturally relevant. 15 In addition, after every 3 interviews, iterative revisions were made to the instrument to improve content validity, either via the addition of relevant items or improving the wording of existing items, based on the feedback received from the participants and after discussions among an expert panel (R.E.K.M., E.K.F., and E.L.L.). These revisions were then tested in the next group of participants. 16 Asaresult of these interviews, 2 items (items 21 and 25) were added and the wording of 11 existing questions was amended.
Psychometric Assessment of the Perceived Barriers to DSM Questionnaire
Rasch analysis was used to assess the psychometric properties of the Perceived Barriers to DSM questionnaire using the Andrich rating scale model 17 During Rasch analysis, responses were recoded for each item so that higher scores indicated a higher degree of perceived barriers, and differential item functioning (a measure of whether an item measures an ability the same way across different groups) was assessed for age (median split, <55 vs ≥55 years) and sex. Initially, the questionnaire displayed poor fit to the Rasch model parameters (eTable 2 in the Supplement), with disordered thresholds (response categories are not endorsed consistently) for most of the rating scales (eFigure 1 in the Supplement), poor precision, evidence of multidimensionality (>1 dimension being assessed), and 4 misfitting items. To resolve these issues, we collapsed response categories from 5 to 4 to resolve disordered thresholds and iteratively removed 13 items (items 4, 18-20, 23, 26-28, 30-31, 33, 35, and 36). The final 23-item questionnaire displayed adequate psychometric properties, with ordered thresholds, optimal measurement precision, no misfitting items or differential item functioning, and, importantly, minimal evidence of multidimensionality (eTable 2 in the Supplement). As such, a composite interval-level person measure for each participant for the 23 items was exported and used for subsequent parametric testing.
Assessment of DR and Diabetic Macular Edema
Diabetic retinopathy was graded from 2-field fundus photographs (Canon CR6-45NM; Canon Inc) using the modified Airlie House classification system. 21 Diabetic macular edema was defined by hard exudates in the presence of microaneurysms and blot hemorrhage within 1 disc diameter from the foveal center or the presence of focal photocoagulation scars in the macular area. Clinically significant macular edema was considered present when the macular edema was within 500 mm of the foveal center or if focal laser photocoagulation scars were present in the macular area. These retinal abnormalities were confirmed from central macular thickness (defined as the thickness of the central circular zone of 1 mm diameter) measurements on spectral-domain optical coherence tomography (Cirrus, version 3.0; Carl Zeiss Meditec) using the macular thickness cube scan protocol (512 × 128) and comparing it with normative population data
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; only scans with signal strength of 6 or greater were included.
For analytical purposes, DR was categorized as no DR (Early Treatment Diabetic Retinopathy Study levels 10-15), mild to moderate DR (levels 20-43), and severe DR (levels ≥53 and/or presence of clinically significant macular edema). Data from the worst eye were used; if images from both eyes were ungradable, the participant was excluded from analyses.
Assessment of Covariates
Participants' demographic and socioeconomic characteristics (eg, age, sex, income, and educational level), lifestyle factors (eg, smoking), and medical history (eg, duration of diabetes) were collected using a standardized interviewer-administered questionnaire in English, Mandarin, Malay, or Tamil. Ethnicities were defined by the Singapore census as indicated on the National Registration Identity Card. Clinical covariates were obtained via a standardized clinical examination. Presenting distance visual acuity was checked monocularly by a trained research officer with the participant wearing current refractive correction (if any) using a logMAR number chart at a distance of 4 m under standard lighting. Presenting visual impairment was defined as a logMAR score of greater than 0.3 in the better-seeing eye. Height was measured in centimeters using a wall-mounted measuring tape, and weight was measured in kilograms using a digital scale. Body mass index was calculated as weight in kilograms divided by the height in meters squared. Trained personnel performed systolic and diastolic BP measurements twice using a digital BP monitor (Dinamap Pro 100 V2; GE Healthcare), with the mean value of each parameter used in the analyses.
Nonfasting venous blood samples were also collected to assess hemoglobin A 1c (HbA 1c ), serum creatinine, serum total cholesterol, high-density lipoprotein (HDL) cholesterol, lowdensity lipoprotein cholesterol, and triglycerides levels. All samples were analyzed at the Singapore General Hospital Hematology Laboratory. Hemoglobin A 1c was assessed via immunoassay conducted using the Roche Cobas c501 (Roche Diagnostics) calibrated according to the standards set by the National Institute of Standards and Technology. 23 Likewise, serum total cholesterol, HDL cholesterol, low-density lipoprotein cholesterol, and triglycerides were assessed via spectrophotometry conducted using the Beckman Coulter Unicel DxC 800 (Beckman Coulter Inc). Total to HDL cholesterol ratio was used in analyses, as this measure has greater predictive value than isolated parameters used independently.
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Statistical Analysis
Statistical analysis was conducted from July 20 to September 8, 2017. All analyses were performed using intercooled Stata, version 14.1 for Windows (StataCorp). Participant characteristics of persons with and without DR were first compared using the χ 2 statistic for proportions for categorical variables and a t test for means or Mann-Whitney test for medians for continuous variables. The degree of perceived barriers experienced by participants was analyzed continuously and categorically in tertiles. We categorized the perceived barriers score into tertiles ad hoc, as it allowed us to maintain a reasonable number of participants within each tertile when analyzing the association between perceived barriers and severity of DR. Multivariable logistic regression models were then used to determine the independent associations of the degree of perceived barriers to DSM on DR presence, adjusted for participant characteristics found to be significantly different between those with and without DR plus variables previously found to be associated with DR in people with diabetes, including age, sex, race/ethnicity, educational level (≤6 vs >6 years), monthly income (<SGD2000 vs ≥SGD2000 [US $1466.17]), smoking status (current vs nonsmoker or exsmoker), HbA 1c level, duration of diabetes, body mass index, presenting visual acuity in the better eye, systolic BP, total to HDL cholesterol ratio, insulin use, and antihypertensive medication use. Finally, we used multinomial logistic regression adjusted for the above confounders to determine the independent effect of the magnitude of perceived barriers to DSM with the severity of DR. In addition, ordinal logistic regression models were used to estimate the overall trend of the categorical exposures (in tertiles) with the severity of DR. P < .05 (2-sided) was considered significant.
Results
The mean (SD) age of the sample was 57 (8) Table 1) . No differences were found in the perceived barriers score and severity of DR between those who were included compared with those who were excluded in analyses (eTable 3 in the Supplement).
In age-and sex-adjusted models, a higher perceived barrier to DSM was associated with higher odds of having any DR (per logit decrease: odds ratio [OR], 1.26; 95% CI, 1.03-1.54) ( Table 2 , model 1). This association remained even after multivariable adjustments (Table 2 , model 2). In addition, participants with the greatest degree of perceived barriers (ie, tertile 3) were more likely to have DR compared with those in tertile 1 (OR, 2.11; 95% CI, 1.25-3.57; P = .006 for trend), and these associations remained after further adjustments. Subgroup analyses for age (<65 vs ≥65 years), sex (male vs female), or race/ethnicity (Chinese, Malay, or Indian) found no between-group differences. Table 2 also shows the associations between the magnitude of perceived barriers to DSM with DR severity. We found that, in age-and sex-adjusted models, while there was an increase in the odds of having mild to moderate DR with a greater magnitude of perceived barriers (per logit decrease: OR, 1.23; 95% CI, 0.97-1.56; model 1), this association increased in mag- 
Discussion
In this study, we demonstrated that a greater level of perceived barriers to DSM in Asian patients with type 2 diabetes was associated with higher odds of having any DR, mild to moderate DR, and severe DR. More important, these findings were independent of the parameters of diabetes control (HbA 1c ,BP, and lipid levels), suggesting that, aside from pharmaceutical management, measures to address these perceived barriers, including counseling, goal setting, and logistical support for access to health care, may help to prevent or delay the risks of DR.
Our data suggest that there is a linear association between the magnitude of perceived barriers to DSM and the presence and severity of DR. At first glance, these results appear to corroborate studies showing a strong correlation between a greater awareness of and proficiency in DSM activities and systemic metabolic parameters 25 found that the association between barriers to DSM and DR persisted even after accounting for these systemic variables, suggesting the involvement of factors other than classic poor control of metabolic parameters. The mechanisms underpinning the association between perceived barriers to DSM activities and DR were not studied in this work, although previous research has found consistent correlations between poor DSM behavior and possible contributory factors including diabetes-related distress, 27 health literacy, 28 and depression, 29,30 all of which have been demonstrated to be associated with a higher likelihood of more severe DR. 28,31,32 As we did not assess participants' mental health or health literacy status, we were unable to determine the role of these factors in the observed association between barriers to DSM and DR. Further cohort studies are needed to better understand the mechanisms underlying the above association.
As a valid questionnaire on perceived barriers to DSM is not currently available, we developed a new one and psychometrically tested it using Rasch analysis. Initially, the 36-item questionnaire had substantial psychometric issues even after cognitive testing; however, using an iterative, Raschguided approach involving collapsing poorly used response categories and deleting misfitting items, we produced a valid 23-item scale to measure our desired construct. Our study hence highlights the usefulness of using modern psychometric methods in the development and validation of questionnaires.
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Strengths and Limitations
Strengths of this study include a study sample characterized using a standardized clinical testing protocol, a large sample of persons with varying severity of DR, the objective categorization of DR using fundus and spectral-domain optical coherence tomography images, a comprehensive assessment of DR confounders, and a robust and psychometrically validated questionnaire on barriers to DSM. Limitations include the cross-sectional nature of this study, which limited causal inferences, as well as the clinical nature of the study population, which limited the generalizability of the study. However, these results are still helpful to inform novel targeted interventions for individuals with DR to address any perceived barriers to DSM, with the aim of slowing the progression of the disease. Moreover, a substantial proportion of our study population were men (256 [70.9%]), which may have affected responses to the questionnaire. However, Rasch analysis revealed that sex did not significantly affect the way that participants responded to the items within the questionnaire. In addition, we quantified the magnitude of perceived barriers only from the perspective of patients with diabetes. It has been established that perceived barriers to DSM on the part of health care professionals plays an equally important role in poor management of diabetes. 9, 35, 36 Further studies on the effect of the magnitude of perceived barriers to DSM on DR from the perspective of the health care professional may further illuminate the issue. In addition, we conducted only 3 cognitive interviews to improve the clarity and comprehensiveness of our instrument, which may have affected content validity. As such, more comprehensive foundational work, together with the use of multidimensional item response theory models during psychometric assessment to cope with the potentially multidimensional constructs, may be needed to develop new item content and refine existing item content. Last, we did not evaluate the facilitators of DSM in our study, which would have given us greater insight into the steps needed to overcome these perceived barriers. Future qualitative and quantitative studies should be performed in order to inform intervention strategies to address perceived barriers to DSM.
Conclusions
We found a systematic linear association between the magnitude of perceived barriers to DSM and the severity of DR in Asian patients with diabetes. Future studies to optimize understanding of the mechanisms contributing to the observed association are needed. In addition, community and clinical health efforts to overcome patients' perceived barriers to DSM, including diabetes support groups and evaluation of individual patient perception toward diabetes with the goal of making realistic and specific recommendations for self-care activities, are warranted to combat the increasing incidence of diabetes and DR in Asia. 
